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How the universe will end 
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predict that dark matter 
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1S I ] ] 1SS | I l is distributed unevenly 
throughout the universe 
‘The chilling discovery came to light in the Nineties ‘The globular image above depicts the distribution of 
when astronomers realised the universe's expansion was dark matter across the universe. The COSMOS survey, a 
accelerating instead of slowing, as they‘d predicted Hubble project studying the relationship between large scale 
So little is currently known about the mystery, the term structure (LSS) in the universe and dark matter, as well as 
‘dark matter’ effectively exists as a placeholder - a means the formation of galaxies - has offered the most compelling 
to explain an unfathomable problem in a barely more evidence yet that known matter tends to cohabit the same 
comprehensible way. Thanks to more recent discoveries we ‘space as the densest concentrations of dark matter, Just don't 
do at least have a rough idea of where dark matter resides ask anyone what it is. @ 


Finding dark 
matter 


® Dark matter mapping 
The Hubble Telescope helped create 

3 3D map that provides the first direct 
look at the large-scale distribution of 
dark matter in the universe. 
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Gravity 
cannot be 

2 
explained 
Gravity is a mind-boggling 
conundrum. Despite being able 
to predict its effect with enough 
scientific accuracy to chart the 
locations of celestial bodies 
millions of years into the future, 
we haven't yet entirely grasped 
what makes it work. 

We know that gravity operates 
at the speed of light and attracts 
clumps of matter with a force 
directly proportional to their 
mass and is unlike the other 
three forces of nature, because it 
has a fundamental relationship 
with time and space. What we 
don't know is what particles are 
actually responsible for creating 
the force of gravity. Researchers at 
particle accelerators on Earth like 
the Large Hadron Collider near 
Geneva, Switzerland are hoping 
to find the answer soon. 
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Silicate core 
Pereira 
Titan has a silicate core 


will be the focus of its L4GB daily data downlink as ee 
reports indicate that it contains a subsurface ocean. If this Brea eed 
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Titan's ™ 
Earth-like 
climate 


Satum's moon Titan is incredibly interesting 
ecause it has a dense nitrogen-rich 
atmesp and a climate similar to that on 
? Earth, with wind, rain and clouds a frequent 
occurrence. Indeed, its surface even has 
similar features, too, such as sand dunes, 
rivers, lakes and seas - although the latter's 

‘water’ is most likely liquid methane and 
ethane. As such, it is thought by scientists to 
potentially be a habitat in which microbial 
extraterrestrial life could survive, or at the 
very least, act as a rich prebiotic environment 
for their future creation. @ 
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Perea Cn een eect 
on Titan by the Cassini-Huygens space probe 
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The fact that NASA is currently 
without a means to take humans to 
orbit is to many a wonder in itself, 

but with the retirement of the Space 
Shuttle and the cancellation of the 
Constellation programme the US space 
agency is currently reliant on the 
Russian Soyuz craft to get astronauts 
to and from Low Earth Orbit 
However, the abil 

















again be restored to NASA in the 
pe of the Space Launch System, the 
largest and most powerful rocket ever 
seen, More powerful than the Saturn 
V that first took men to the Moon 

and more versatile than the Space 
Shuttle, the SLS is set to open up new 

















frontiers in space exploration and 
make interplanetary travel a possibility 
once more. But that’s only if the 
project can escape the political mire 
that may prove more of a challenge to 


Capable of sending 
astronauts to the Moon 
; and beyond, NASA‘s next 
shuttle, the Space Launch 
System, should be the 
rocket of the future, but 
odds of success aren't 





in its favour 


its successful blast off than the pull of 
Earth's gravity, 


Technically, the a mix of tried 










and material 
technology developed during 
the Space Transportation System 
programme - STS (aka the Shuttle) 
and pieces of the current holder of the 
‘most powerful rocket ever’ title, the 
Saturn V, 

The basic elements of the SLS are 
its 64.6-metre (212.2 foot) expendable 
core stage on top of which its payload 
will sit. This core stage is based on 
the Shut external tank 
flanked by tw boosters 
The first SLSs will use the same 
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boosters as the Shuttle and will be 
recovered and reused after launch 

while later versions plan to use lighter, 
expendable boosters. The first iteratior 
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of SLS is the Block 1 configuration 
that stands 975 metres (319.8 feet) tall 
and will weigh 25 million kilograms 
(5 million pounds) at launch. The 
core stage is powered by four RS25D 
engines, leftovers from the Space 
Shuttle programme that will be 
repurposed for the new heavy/lift 
successor, Weighing 3,545 kilograms 
(7816 pounds) each, these engines use 
amix of liquid hydrogen and liquid 
oxygen (LH2/LOX) as fuel and are 
designed to fire between 65 per cent 
and 109 per cent thrust, Once NASA's 
store of RS-25D engines is expended, 
the agency will replace them with the 
upgraded RS-25E engines. These larger 
versions weigh 3,699 kilograms (8156 
pounds) each and fire at 65 to 111 per 
cent thrust during launch 
The four core stage engines will use 
the thrust vector control technology 
held over from the Shuttle programme 
that allows each to rotate eight degrees 
ona gimbal mount. By diverting the 
rocket’s thrust this way, the engines 
control its ascent and guide the 
P rocket to its desired orbit. The Block 1 
boosters are the same as those used 
for the Shuttle. Each booster's motor 
will burn through solid Ammonium 
Perchlorate Composite Propellant fuel 

In total, the Block 1 configuration 
cote stage and boosters will generate 
38 million kilograms (84 million 
pounds) of thrust, ten per cent more 
than the Saturn V's 34 million 
kilograms (75 million pounds) of 
thrust. With this power, SLS will 
deliver tp to 70 metric tons into Earth 
orbit. Its payload will be the Orion 
Multi Purpose Crew Vehicle mated to 
an interim cryogenic propulsion stage 
or ‘kick’ stage, or cargo sent to the 
International Space Station (ISS). 

The next progression is the Block 
1A configuration which again will be 
powered by RS-25D engines or RS25E 
engines dependent on NASA stock 
levels, This practice of using existing 
resources is central to the policies 
surrounding the project as handed 
down by Congress and covered later 

in this article, The Block 1A version 
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World's biggest rocket 
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stands at 95.7 metres (314.2 feet) tall in 
its cargo configuration and 978 metres 
(3209 feet) in its crew configuration. 

So with ten per cent more 
thrust than the Saturn V, the initial 
configurations of the SLS are already a 
wonder of technological achievement 
But this will be far surpassed by the 
Block 2 version or the ‘evolved SLS' 
which will dwarf both the Block 1 and 
Block 1A versions and the Saturn V 
itself, Four or five of the new RS25-E 
engines will power the core stage of 
Block 2 which will also feature an 
upper stage powered by two J2X 
engines. These are descendants of 
the J2 engine that powered the 
Saturn V's second SIV-B stage. Each 
engine weighs 2,500 kilograms (5,400 
pounds) and will fire at 100 per cent of 
its maximum thrust power to send a 
payload beyond Earth's orbit 

In its crew configuration, Block 2 
stands 115.3 metres (378.5 feet) tall 
and in its payload configuration it's 
1171 metres (384.3 feet) tall compared 
to Saturn V's 110 metres (363 feet). 
‘The core stage and boosters together 
will produce 4.1 million kilograms (9.2 
million pounds) of thrust to lift 130 
metric tons into orbit. This is also the 
first version that will be designed for 
the possibility of launching something 
else into orbit besides Orion and cargo. 

SLS is designed to be a strong and 
resilient rocket. It has strength and 
stability in its unpressurised state and 
it can stay stacked on the launch pad Exhaust and § 
for up to 200 days and go through cooling | 
up to 13 cryogenic fuelling cycles Underneath the launch | 
before wear becomes an issue. This pedieacuct thet 


iil ehahiesn toils provides an outlet for 
will enable SLS to support a minimal ea ens | 
number of launches per year. 
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Eras 


i Water pours from 
Current estimates on SLS's cost, nozzles to cool the 

from the time of its announcement launch pad once the i 

to its first launch in 2017, put the rocket is clear. 


price tag around $10 billion USD - the 
programme will cost a total of $17 
billion USD with Orion costing $7 
billion. Early estimates suggest that 
development costs will be between 
$414 billion USD and $6255 billion 

for the smaller Block 1 and Block 

1A configurations, 
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How the SLS measures 
up to its peers 
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be preferred to a continued reliance on 
the Russian Space Agency in the 
that no commercial option is viable. 
The cost of SLS launches could 
prove prohibitive, Refurt 
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new boosters for each launch. Once 


sters is introduced, no part of the 
rocket will be reused. This mak 
per launch extremely high. 


$ 00 to 
yer 0.45 kilograms (one pound) 
into Low Earth Orbit with SLS. That 
equates to an overall launch cost of 
$1.3 billion USD for the 70-ton payload 
\d $2.45 billion USD for the 130-ton 
jon, With all the necessary launch 
support, SLS is on track to cost about 
$5 billion USD per launch; the Shuttle 
cost $1.5 billion and the Saturn V $1.17 
billion adjusted for inflation. 
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Core components of the J-2X engine installed on the A-I Test Stand at NASA's Stennis 


Space Center near Bay St Louis, Mississippi 


Gritics have slammed SLS for its 
high costs, saying it's sapping money 
needed for other programmes, When 
NNASAs budget for FY 2013 was 
released, funding for SLS fell from 
$1.502 billion USD to $1.34 billion. But 
this drop pales in comparison to the 
Mars exploration programme that lost 
$318 million USD. 

Funding for NASA’s programmes 
comes from US Congress, and the 
political aspect poses the biggest 
threat to SLS, The Orion and SLS 
are the two surviving pieces of the 
Constellation programme that began 
under President Bush Jr before its 
cancellation by President Obama. After 
sparing SLS, Congress began making 
demands and setting parameters. 
Congress has even had a hand in 
determining who will build each 
piece of the rocket. The involvement 
of lawmakers has led some critics to 


Within the high cost of SLS's 
development and launch is its lack 
of defined goals. It's clear from the 
wavering US congressional support 
that there is no commonly agreed 
upon endpoint for SLS, and this could 
prove devastating, Part of the Saturn 
‘V's success came from the nation 
rallying behind the need to put aman 


on the Moon. Without a common goal, 


SLS is unlikely to get the support it 
needs to move through to completion. 
In many ways the odds seem 
stacked against the SLS, Wavering 
congressional support could result 
in further cuts, but SLS could gain 
funding with a different congressional 
group. The best-case scenario is for 
NASA to have SLS on hand to send 
men and robotic missions further into 
the Solar System unravelling cosmic 
mysteries for all mankind. @ 
Greatest rocket ever or cosmic 


dud? Join the discussion 
@spaceanswers #SLS 


call SLS a job-retention programme 
disguised as a rocket. 


SLS architecture 


A comucopia of configurations 
make for a versatile vehicle 


SLSS initial configuration will develop 

into a bigger and more powerful rocket 

with subsequent versions. In its first 
configuration, the rocket is smaller with 
just the core stage with four RS25D engines 
recycled from the Shuttle, Two solid fuel 
boosters flank the core stage. An Orion 
crew capsule or a cargo payload sits on top. 
‘The evolved SLS takes the same model but 
adds more power, bigger engines, and an 
upper stage to send astronauts and payload 
further into the Solar System, RS25E 
engines replace the D version on the core 
stage giving it more power, and the flanking 
boosters may be solid or liquid fuelled. The 
upper stage is powered by two 2X engines, 
advanced versions of the engines that 
powered the Saturn V's SIV-B stage. 
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1. Spacecraft adapter @ ‘ 
The adapter attaches the 
manned vehicle to the 
rocket during launch. 
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The hollow 
interstage houses 








3. Instrument Unit @ the upper stage 
The Instrument Unit J-2X engines 
contains guidance and during launch and 
electronics that control the falls away when 
rocket’s launch angle. the core stage 
jettisons. 


4. Core Stage @ 

The same diameter as 
the Space Shuttle's 
external fuel tank, this 
stage uses four or five 
RS-25D/E engines to burn 
through LH2/LOX fuel 


during launch. Similar to 


tthe Shuttle's 
boosters, these 
two strap-on 





tanks are longer, 
Upper Whether future 
stage versions will 
With J-2X use solid or 
engine liquid fuel is stil 
undetermined. 
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solid rocket 
boosters 
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The solar cycle 


Our Sun is ever-changing, 
affecting all life on Earth and 
our natural environment 
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“Solar cycles have been observed for 
centuries, but a method of counting 
them was not devised until 1848 
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The Sun's solar cycle 
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Fantastic figures and surprising 
statistics about our nearest star 
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How long it takes light to travel from the Sun 
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Solar sail 


Will humanity ever breeze 
through the cosmos? 


Written by Jonathan O'Callaghan 
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of Enceladus........... 


In 2005, NASA's Cassini spacecraft 
found huge plumes of water and 

ice shooting from the south polar 
regions of Saturn's sixth largest moon. 
But what are the causes and does it 


indicate life in our 
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wut ata | 
A planet that runs hot and cold makes for an 
explosive effect, says one theory 


One theory for the cause of these geysers posits that the moon has a much hotter 
core, which heats highly pressurised liquid water caches just under the surface. 
‘When the water gets above zero degrees Celsius (32 degrees Fahrenheit) it jets 
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ice as cold as -350 degrees Celsius (598 degrees Fahrenheit), cooling along the 
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landing back on Enceladus's surface. 
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Tidal heating 
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Tidal heating 
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Theory 2 
Could friction prove the 
force behind Enceladuss 
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In August 2011, a team of astronomers 
and researchers announced that they 
had made a most unusual finding. 
While using telescopes in the USA, 
England and Australia to explore the 
properties of a pulsar named J1719- 
1438, they noticed that the beams of 
radiation emitted regularly from this 
tiny spinning star were modulated 

in such a way as to indicate that the 
pulsar had a satellite. This newly 
discovered planet was about five times 
the diameter of the Earth, no more 
than 60,000 kilometres (37,000 miles) 
It was also very close to the pulsar, 
orbiting it in not much more than two 
hours. The mass of the planet was less 
than a few times the mass of Jupiter, 
and the short orbital period helped 
them to determine its radius. These 
two pieces of information led the team 
to conclude that the planet was also 
incredibly dense for its size. It couldn't 
be a gaseous planet like Jupiter, but 
made of heavier stuff. 

We asked Dr Benjamin Stappers, a 
Reader with the Jodrell Bank Center 
for Astrophysics at the University of 
Manchester, to explain more about 
the planet's discovery, “Ifa pulsar’s 
beam of radiation crosses the Earth 
then, using sensitive radio telescopes, 

a pulse of radio emission can be 
detected” he explained 

“If a pulsar is in a binary system 
with another star, or is being orbited 
bya planet, then the companion 
causes the pulsar to also move. This 
causes changes in the time of arrival 
of the pulses, By careful analysis we 
use these changes to work out the 
period of the orbit of the planet and 
other parameters of the binary system 
The fact that we have a very dense 
object, likely crystalline in structure 
and consisting of carbon and oxygen, 
suggested that part of the planet may 
be similar to a diamond in nature” 
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Dr Wendy Panero of Ohio State University 


So how does a diamond planet 
form, and what might it look like? For 
starters, the planet orbiting JI719-1438 
isn't a planet in the same sense that 
Jupiter or Earth is a planet. Instead, 
the researchers think it's actually the 
remains of another star. J1719-1438 is a 
millisecond pulsar - its rotation is just 
a few milliseconds long as opposed 
toa normal pulsar rotation of one 
second, Originally, it was probably 
part of a two-star, or binary system, 
but the pulsar pulled material from 
the other star and sped up over time. 
Astronomers have seen this type of 
behaviour in other binary systems, 
but J1719-1438 and its orbiting planet 
are different. Sometimes the process 
eats away or totally destroys the other 
stat. The planet is a white dwarf that’s 











missing 99 per cent of its mass, but 
it's not currently being stripped by the 
pulsar. This system is known as an 
ultra-compact low mass X-ray binary 
system, There's no way to tell what it 
looks like, but it's probably spherical 

If you're picturing a sparkling, 
princess-cut gemstone out in deep 
space, think again - we'e talking very 
rough and raw crystalline carbon 
here. While the team was exploring 
the pulsar and its ‘diamond planet, 
searchers at Ohio State University 
were experimenting to discover how 








diamonds form on Earth. Dr Wendy 
Panero and her team applied high 
pressures and temperatures to small 
amounts of minerals like iron, carbon 
and oxygen under microscopes. 

Next, they created computer models 
of planets with more carbon content 
than Earth - diamond planets - and 
discovered that these planets may 
grow just as Earth does. According to 
Dr Panero, they posited that “diamond 
planets form in much the same way 
that Earth formed, just from a different 
mix of starting materials, Earth has a 
significant amount of iron, oxygen and 
silicon because it formed around a star 
with an abundance of these elements,” 
‘There are stars with a different mix of 
starting ingredients, and therefore the 
planets that form about them will have 
different compositions. 

‘These theoretical diamond planets 
wouldn't be pretty and sparkly, either 
the diamonds would be part of a 
mixture of minerals and “dirty.” Dr 
Panero states that they wouldn't "be 
as plentiful as planets like Jupiter or 
Earth, but they should exist: 

So yes, there probably are diamond 
planets - either the remains of stars or 
heavily carbon-based planets that form 
like Earth, But don't start thinking that 
there's a new source of the coveted 
gemstone just yet. @ 
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Could other 
bizarre worlds exist 
in the universe? 


Diamond planets aren't the only 
amazing worlds that might 
in the universe, We've barely 
scratched the surface of planet 
hunting outside the Solar System 
but early indications suggest that 
there could be a multitude of 
bizarre and incredible new worlds. 
Planets such as Mars and 
Mercury have demonstrated that a 
planet can be predominantly ruled 
by one type of ecosystem. This 
makes it possible that some types 
of planets might be large balls 
of a particular type of material, 
be they purely made of carbon, 
water, iron or something else. In 
fact, astronomers at NASA have 
come up with various models for 
what characteristics they would 
expect different types of planets 
to have if they were indeed largely 
made up of one substance alone. 
For example, a planet the same 
mass as Earth but made of mostly 
pure water would be 15,000km in 
diameter compared to just under 
13,000km across for Earth (which 
itself is made of mostly silicate 








rock), while a pure iron planet of 
the same mass would only be 
4,800km in diameter. 

Let us know what other types of 
planet you think we might find 
@spaceanswers ¢newworlds 
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